Introduction
Allergic rhinitis is a chronic disease and a global health problem that can have a significantly detrimental effect on quality of life and is often associated with substantial health care costs. In 2004, a European study found the prevalence of allergic rhinitis to be between 18% and 26%, with the incidence expected to rise.
1,2 Assessment of the disease through both general health and disease-specific questionnaires showed a substantial impairment of quality of life. 3 Patients found that their daily activities, particularly those related to their professional, personal, and social life, were either moderately or severely impaired. A European survey found that a quarter of patients had to take time off work due to allergic rhinitis, and almost 40% of children with submit your manuscript | www.dovepress.com
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green et al allergic rhinitis reported that they occasionally missed school due to their disease. 4 Allergic rhinitis is associated not only with significant costs from a societal perspective, because of reduced working capacity and absence from work, but also from a health care perspective, with the main cost drivers being medication, hospitalization, and rehabilitation. A German cost of illness study found that the average annual cost of seasonal allergic rhinitis was €1,543 per adult, with direct costs accounting for only 42% of those costs. 5 Sensitization to house dust mite (HDM) allergens is a common cause of respiratory allergies, being associated with both asthma and rhinitis. A study of 726 patients by Bauchau and Durham found that 49% of patients with a clinical diagnosis of allergic rhinitis were sensitive to HDM allergens. 1 There is also evidence that when compared with other allergic sensitizations, patients with HDM allergy have a more severe condition due to the impact on quality of life and a greater number of comorbidities. 6 There are three main therapeutic options for this condition: allergen avoidance, allergy pharmacotherapy, and allergy immunotherapy (AIT). 7 One recently developed AIT, targeted specifically at HDM allergens, is the SQ ® HDM sublingual AIT (SLIT)-tablet (Acarizax ® ; ALK-Abelló, Hørsholm, Denmark). This is a therapy option for patients suffering from HDM allergic rhinitis taking allergy pharmacotherapy but not obtaining satisfactory disease control. The therapy is administered sublingually as a tablet, rather than subcutaneously. SQ HDM SLIT-tablet is a 1:1 mixture of allergen extract from the two major mite species, Dermatophagoides pteronyssinus and Dermatophagoides farinae. 8 The objective of this analysis was to assess the costeffectiveness of SQ HDM SLIT-tablet in Germany for patients suffering from persistent moderate to severe HDM allergic rhinitis, with or without allergic asthma, despite the use of allergy pharmacotherapy.
Methods
Design and population
A pharmacoeconomic analysis was undertaken based on data collected from a multi-national, double-blinded, randomized controlled phase III trial, in which SQ HDM SLIT-tablet was compared with placebo. 9 This was the MT-06 trial (NCT01454544), a one-year evaluation that aimed to assess the efficacy of SQ HDM SLIT-tablet in addition to pharmacotherapy in improving rhinitis symptoms and reducing the use of allergy pharmacotherapy in patients with or without asthma who also have a history of poor disease control. A total of 992 patients with a mean (standard deviation) age of 32.3 (10.9) years were recruited from 100 trial sites across 12 European countries. The trial was designed and conducted in accordance with the principles of the Declaration of Helsinki and conducted in compliance with the principles of the International Conference on Harmonization of Technical Requirement for Registration of Pharmaceuticals for Human Use (ICH) Good Clinical Practice. Subjects signed the informed consent form when entering the trial.
For the purpose of this evaluation, two treatment options were included: SQ HDM SLIT-tablet plus allergy pharmacotherapy (henceforth SQ HDM SLIT-tablet) and placebo plus allergy pharmacotherapy (henceforth pharmacotherapy) in line with the setup of the trial. Various types of allergy pharmacotherapies are available, namely oral and topical antihistamines and nasal corticosteroids, and both treatment groups had free access to these drugs, provided by ALK-Abelló, during the trial. Access to the data for this analysis/research was provided by ALK-Abello who funded the original trial.
While the efficacy of SQ HDM SLIT-tablet is assessed for one year in the MT-06 trial, in clinical practice patients are treated for three years. There is clear evidence that AIT can lead to significant improvements during three years of continuous treatment, 10 and similar effects are expected for SQ HDM SLIT-tablet. The exact level of effect after discontinuation of AIT, as observed for other AITs such as Grazax ® (ALK-Abello, Horsholm, Denmark), is still to be elucidated. However, there is evidence that AIT can have a longer-term impact on patient outcomes, up to 12 years as reported in a consensus report by Burks et al, and this may be explained by the disease modification resulting in induction of immunological tolerance, which has been demonstrated for some forms of AIT. [10] [11] [12] [13] To investigate the potential long-term effect of treatment, a nine-year time period has been adopted for the analysis supported by expert advice. In the analysis, patients in the SQ HDM SLIT-tablet group remain on treatment for three years before switching to allergy pharmacotherapy only. In the comparator group, it is assumed patients remain on pharmacotherapy for the full time horizon. This assumption has been made because the patients included in the analysis are those with persistent moderate to severe forms of the disease and, therefore, require pharmacotherapy for ongoing control of disease symptoms with continuous treatment, an established option for patients with persistent allergic rhinitis. 14 
Quality of life
In order to quantify the magnitude of the benefits of treatment, patient quality of life was incorporated into the analysis using utility scores. The inclusion of utility score ensures that the impact of allergic rhinitis on patient health is captured 
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Cost-effectiveness of sQ® hDM sliT-tablet for hDM allergic rhinitis appropriately. In the MT-06 trial, utility (ie, quality of life) was measured using the EQ-5D (EuroQol-five dimensions questionnaire) health survey, which is a standardized instrument widely used to quantify general health outcomes. 15 Following one year of treatment, utility values of 0.926 and 0.915 were recorded for patients in the SQ HDM SLIT-tablet and pharmacotherapy groups, respectively. However, regression analysis was used to correct for skewed data that occurred because many patients were in perfect health. A two-stage approach was adopted for the regression analysis. This approach was adopted because it was shown to be a less biased regression method for analyzing utility data, and the analysis that was performed was very similar to that reported by Poole et al. 15 In short, during the first stage, a binomial model was used to estimate the proportion of EQ-5D observations in which the patient was in perfect health (61.4%). Within this model, the EQ-5D index was modeled as a binary variable, indicating perfect health or imperfect health, with the inclusion of five predictor variables (asthma status, age, rhinitis daily symptom score, rhinitis daily medication, and smoking status). During stage two, a generalized, mixed linear model was applied to the imperfect health observations (38.6%), to estimate the EQ-5D index scores for SQ HDM SLIT-tablet and pharmacotherapy patients. Using this approach, utility values of 0.919 and 0.898 for SQ HDM SLIT-tablet and pharmacotherapy patients, respectively, were estimated (p<0.05), and these values were assigned to each treatment group and combined with the duration of time spent in that state of health in order to generate quality-adjusted life year (QALY) scores.
The long-term impact of each treatment option on patient quality of life was also examined using utility scores. To account for the impact of AIT during the treatment period, the analysis assumed that patients taking SQ HDM SLIT-tablet will have a 5% increase in utility during each year of treatment (ie, a 5% improvement in quality of life), while patients on pharmacotherapy were assumed to have a stable quality of life during this period. The stability of patients receiving pharmacotherapy was based on the conservative assumption that the improvement recorded for the placebo group at the end of the trial would remain constant during the first three years of treatment.
While it was expected that SQ HDM SLIT-tablet would have a disease-modifying effect on patients, as a result of the potential preventive and curative effect of AIT, due to a lack of data it has been conservatively assumed that there would be a decrease in utility of 10% during the years six to nine. This decline is to account for the potential loss of effect when the treatment has been stopped. During this period, it is also conservatively assumed that pharmacotherapy patients have a smaller decrease in utility of 5% per year. The rate of decline is assumed to be lower for pharmacotherapy patients, because during the treatment period (ie, the first three years of treatment), the utility gain was lower for these patients. The impact of changes to treatment effectiveness, such as longer-term improvements with SQ HDM SLIT-tablet, was examined via a series of scenarios that are discussed in more detail in the following section.
health care resource use
Costs for the analysis were estimated by taking health care resource use values from the MT-06 trial and multiplying by the unit price of that resource for the German market (Table 1 ). In the MT-06 trial, data were collected on four resources: doctors' visits, desloratadine (5 mg) intake, budesonide (64 μg) intake, and azelastine (0.05%) intake. The cost of SQ HDM SLIT-tablet was also included within the treatment group. The annual costs generated were applied equally across all years in the model. Also included in the analysis was one extra doctor's visit for all patients on SQ HDM SLIT-tablet. The treatment was suitable for home treatment, following an initial dose that was given under the supervision of a doctor.
To capture the indirect costs of allergic rhinitis on society, sick days were also incorporated into the analysis. Petersen et al previously found that AIT reduced the mean number of sick days per annum, from 6.75 to 4, in patients with HDM allergic rhinitis or allergic asthma. 16 As data specific to SQ HDM SLIT-tablet are not available, it was assumed that this treatment would have a similar impact to that identified by Petersen et al. Therefore, these data were applied in the analysis and combined with a cost of €93.69 per sick day in Germany as estimated by Klussman et al. 17 This equated to total annual indirect costs of €375 and €632 for SQ HDM SLIT-tablet and pharmacotherapy groups, respectively.
Pharmacoeconomic analysis
The analysis estimated the total costs and QALYs for one hypothetical adult patient receiving SQ HDM SLIT-tablet in addition to pharmacotherapy and one hypothetical adult patient receiving pharmacotherapy plus placebo over a nineyear period. In order to measure the cost-effectiveness of SQ HDM SLIT-tablet, it was necessary to compare the costs and QALYs generated by this treatment to those generated by pharmacotherapy. This comparison was facilitated via the calculation of the incremental cost-effectiveness ratio (ICER). This required the inclusion of a willingness-to-pay threshold, with a value of €40,000 per QALY adopted here. Rationing decisions in Germany are the responsibility of Gemeinsamer Bundesausschuss (G-BA) and are made on a case-by-case basis. 18 Therefore, no defined threshold was used for German submit your manuscript | www.dovepress.com
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green et al cost-effectiveness analyses. The value adopted here was based on a value of approximately £30,000, which is included in the range adopted by the National Institute for Health and Care Excellence in England. 19 Because a nine-year time horizon was adopted, health outcomes and costs that occur in the future were given less value than those occurring in the present. This is due to the preference of humans to receive benefits in the present and incur costs later in the future. Therefore, cost and QALY values were discounted, using an annual discount rate of 3%, in line with German guidelines. 20 The overall setup of the analysis is presented graphically in Figure 1 .
scenario analysis
To investigate the impact of altering effectiveness assumptions, ie, utility values, a series of scenarios were conducted as part of the analysis. In these scenarios, an annual rate of utility change (ie, change in quality of life) was applied to the model. This rate of change was used to test the conservative assumptions regarding patient quality of life over time, which were adopted in the model base case.
In total, three separate rates were applied to the model: the annual rate of change while on treatment (years 2 and 3), the annual rate of change posttreatment (years 4 and 5), and the annual rate of change in all remaining years (years 6 to 9). For each of these rates, separate values were applied to the two treatment groups. The utility change for each scenario is summarized in Table 2 . Figure 1 an overview of the analysis structure. Notes: a pharmacoeconomic analysis was undertaken to assess the impact of sQ hDM sliT-tablet on allergic rhinitis patients with poor disease control despite taking pharmacotherapy. Two treatment options were included: sQ hDM sliT-tablet plus pharmacotherapy and pharmacotherapy alone. a nine-year time horizon was used, with sQ hDM sliT-tablet patients given treatment for three years. Over this nine-year horizon, the total costs and QalYs were estimated for each treatment group, and compared via the calculation of the iCER. Abbreviations: QalY, quality-adjusted life-year; iCER, incremental cost-effectiveness ratio; hDM, house dust mite; sliT, sublingual allergy immunotherapy; sQ, standardized quality.
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For scenario one, it was assumed that patient health (ie, quality of life) remained stable for the full nine-year time horizon (ie, no change in utility scores) for both treatment groups. Scenario two was included to investigate the impact of a decline in health following treatment. Within this scenario, all patients (ie, both SQ HDM SLIT-tablet and pharmacotherapy patients) were assumed to have stable utility for the three years of treatment and two additional years, followed by a 5% decline in utility during the years six to nine. In scenario three, the impact of improved health on SQ HDM SLIT-tablet patients, without a subsequent decline, was investigated. Therefore, SQ HDM SLIT-tablet patients had a 5% improvement in utility for years two and three (based on the same assumptions mentioned in scenario one), followed by stability, while pharmacotherapy patients were assumed to be stable for all years.
sensitivity analysis
In order to account for first-order uncertainty around the data used for input parameter values, one-way deterministic sensitivity analyses (DSA) were undertaken. This involved altering the value used for individual parameters, within realistic ranges, to see the impact on the model results, as measured by the ICER. In order to further investigate the uncertainty associated with the model, probabilistic sensitivity analysis (PSA) was also undertaken by varying all input parameters simultaneously across predefined ranges and distributions. Inputs with greater uncertainty, eg, those with wide confidence intervals, varied more than those with less uncertainty. During the PSA, 10,000 iterations of the model were run with a different point estimate drawn randomly for each input parameter during each iteration and the result was presented as the probability of cost-effectiveness for SQ HDM SLIT-tablet (ie, the proportion of results in which the ICER fell below the €40,000 threshold). The distributions applied for the PSA are summarized in Table 3 .
Results
The results of the pharmacoeconomic analysis, which is based on the findings from the phase III randomized controlled trial of a sublingual tablet treatment for HDM allergic rhinitis, indicate that over the nine-year time horizon, SQ HDM SLITtablet patients generated 6.96 QALYs at a cost of €3,598, as compared with 6.65 QALYs at a cost of €1,301 for pharmacotherapy patients. Therefore, the addition of SQ HDM SLITtablet to pharmacotherapy as a treatment option for HDM led to a QALY gain of 0.31 years, with an incremental cost of €2,276. This equates to an ICER of €7,519. When indirect costs (ie, sick days) were also included, overall costs increased to €6,516 and €6,993 for SQ HDM SLIT-tablet and pharmacotherapy patients, respectively. Therefore, SQ HDM SLIT-tablet generated more QALYs at a lower cost, making it a dominant treatment option compared with pharmacotherapy. The ICER was €14,391 during the total period in which patients took the SQ HDM SLIT-tablet (3 years)and this indicates that the drug is also cost-effective over the treatment period. 0.025 n/a n/a normal Utility change -all remaining years -5% 0.025 n/a n/a normal Notes: Mean and standard error values for all parameters, except utility change, were taken from MT-06 trial data. The mean and standard error values for the utility change parameters were based on conservative assumptions and, during PSA, were designed to achieve approximately a ±5% variation from the mean value. A specific distribution was fitted to each parameter with the type of distribution chosen to ensure the spread of values was accurately modeled. Abbreviations: hDM, house dust mite; sliT, sublingual allergy immunotherapy; Psa, probabilistic sensitivity analysis; n/a, not applicable; sQ, standardized quality.
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The impact of changes in patient health over the nineyear time horizon was also investigated using analyses of different scenarios. In these analyses, SQ HDM SLIT-tablet remained cost-effective (as measured by the ICER) in all scenarios, including scenario two, in which a decreased effectiveness of treatment was assumed. The results of the base case and scenario analysis (ICER range of €3,359 to €14,551) are summarized in Table 4 . The inclusion of indirect costs increased the magnitude of the results in all the three scenarios.
The results of the DSA indicate that the overall results of the analysis were sensitive to changes in the value of individual parameters. This is because for all parameters, with the exception of the unit price of the SQ HDM SLIT-tablet, the changes caused the ICER to increase above the €40,000 threshold adopted in this analysis, thereby indicating that the SQ HDM SLIT-tablet was no longer cost-effective. These results are summarized in Table 5 . The results of the DSA were again unaffected by the inclusion of indirect costs. The results of the PSA indicate that SQ HDM SLIT-tablet has a probability of cost-effectiveness of 61.4%. When indirect costs were also included, the probability of cost-effectiveness increased to 68.4%.
Discussion
Allergic rhinitis is a condition with significant unmet need that can place a large burden on both patients and the health care system. The base case results of this analysis indicate that SQ HDM SLIT-tablet in addition to pharmacotherapy is cost-effective compared with allergy pharmacotherapy only in German patients with persistent moderate to severe HDM allergic rhinitis despite the use of symptom-relieving medication. The scenario analysis that was undertaken also indicates that the base case analysis may underestimate the true benefits of SQ HDM SLIT-tablet. This is because the treatment remained cost-effective in all scenarios assessed, with the incremental cost-effectiveness ratio reducing substantially within scenario three, a scenario that is plausible based on the potential for AIT to be both preventative and curative, as discussed previously.
10-13
The model's results remained robust during the changes implemented as part of the scenario analysis that was undertaken. However, the sensitivity analysis, which was also used to assess the robustness of the results, indicates that the model is sensitive to relatively small changes in individual input parameter values. As minor alterations in input parameters can have a large impact on the results of the model, there is a degree of uncertainty regarding the reliability of the results. This uncertainty may largely be explained by the lack of relevant data to quantify patient outcomes post-trial. Due to this deficiency, assumptions were made to predict patient outcomes (ie, utility) post-trial, and this is a limitation of the analysis. However, the authors of this paper believe the assumptions were relatively conservative and, therefore, the scenarios adopted may underestimate the benefits of SQ Notes: a total of four scenarios were used to investigate changes in the long-term effectiveness of sQ hDM sliT-tablet. Within the base case scenario, sQ hDM sliTtablet patients were assumed to have an initial improvement in outcomes (years 2 to 3), followed by a longer-term decline (years 6 to 9). scenario one investigated the impact of stability in both treatment groups for the full time horizon. Within scenario two it was assumed that there was a stable phase initially, followed by a small long-term decline in effectiveness in both treatment groups (years 6 to 9). scenario three investigated an increase in effectiveness for sQ hDM sliT-tablet with no subsequent decline. Abbreviations: QalY, quality-adjusted life year; iCER, incremental costeffectiveness ratio; hDM, house dust mite; sliT, sublingual allergy immunotherapy; sQ, standardized quality. Notes: sensitivity analysis was undertaken to view the impact of changes in the value of input parameters applied in the model. The range of values tested for each parameter is displayed via the highest and lowest value adopted in that range. The overall results of the model can be deemed to be sensitive to changes in an individual parameter if the iCER changes substantially from the base case value of €7,519. in the table, a number of negative iCERs are presented, which indicate when sQ hDM sliT-tablet is less effective and more costly (and therefore not cost-effective). For all parameters, with the exception of the cost of the sQ hDM sliT-tablet, the iCER value changed substantially within the range tested. Abbreviations: iCER, incremental cost-effectiveness ratio; hDM, house dust mite; sliT, sublingual allergy immunotherapy; sQ, standardized quality.
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Cost-effectiveness of sQ® hDM sliT-tablet for hDM allergic rhinitis HDM SLIT-tablet. In reality, it is probable that the rate of decline in patient health will be substantially less for patients taking SQ HDM SLIT-tablet in addition to allergy pharmacotherapy as compared with those taking allergy pharmacotherapy only and, in fact, health may continue to improve. Health care resource use in the analysis is based solely on data collected from the phase III clinical trial. As resource use within the trial was protocol-driven, it may not accurately reflect real-life practice. In particular, patients received more overall supervision and better education than patients in an everyday clinical setting, which reduced the number of additional visits to the doctor. Furthermore, medical resources that may be required by rhinitis patients, such as visits to a specialist, were not captured within the analysis as they were not recorded as part of the trial. Treatment compliance was also not considered within the analysis. This is because it would be necessary to model compliance for all therapies given to patients in both treatment groups, and a number of pharmacotherapies were available. It was therefore decided that there were insufficient long-term data to model how compliant patients were to all therapies. If patients receiving SQ HDM SLIT-tablet are not fully compliant with the daily treatment regimen, then this may reduce the efficacy of the treatment. However, previous evidence has shown that following 24 weeks of treatment with SQ HDM SLITtablet, the effect remained up to one year after therapy had been stopped altogether, indicating that missing of doses by patients is unlikely to have a major impact on efficacy. 21 It should be noted that international treatment guidelines for AIT state that disease modification can only be expected after three years of treatment and that patients should stop taking SQ HDM SLIT-tablet if there is no observed improvement after one year. 22 In the trial, there was an improvement in the placebo group, partially explained by the factors discussed previously (ie, supervision and education) and also as a result of the Hawthorne effect, which occurs when patients modify their behavior when they become aware that they are being monitored. 23 Similarly, patient outcomes may have improved due to regression to the mean, whereby patient health was lower than normal at trial initiation, which means that over the course of the trial there was a greater probability that their health would improve regardless of the treatment. These changes might have caused an improvement in patient outcomes that may not be found in clinical practice.
Allergic rhinitis is a progressive condition where the patients will commonly experience regular changes in their overall health, and variations are often subtle. These will be driven by changes in a patient's condition and symptom exacerbations. These variations would be better captured using a more complex modeling approach, such as a Markov model, which facilitates the use of health states to predict changes in patient outcomes. However, given the data that are currently available, developing a Markov model that accurately estimates changes in patient health (eg, disease severity) is a challenging proposition.
In the analysis, SQ HDM SLIT-tablet was compared with allergy pharmacotherapy based on the setup of MT-06 model. In Germany, subcutaneous AIT is considered the standard of care for the patient subgroup assessed in this analysis, and a range of AIT options are available. For emerging AIT treatments, such as SQ HDM SLIT-tablet, the efficacy of each individual product must be established using an appropriately designed clinical trial. 24 Because a range of AIT treatments are available, it was not feasible to include them in the MT-06 trial. Nevertheless, in the future it may be worthwhile to compare SQ HDM SLIT-tablet with other AIT options if suitable data can be accessed to facilitate the comparison.
Conclusion
The results presented here suggest that SQ HDM SLIT-tablet in addition to pharmacotherapy is cost-effective compared with allergy pharmacotherapy alone in German patients with persistent moderate to severe HDM allergic rhinitis. The sensitivity analysis highlights a degree of uncertainty regarding these results, which can largely be explained by the lack of clarity in long-term patient outcomes when AIT treatment is stopped. Therefore, conservative assumptions have been adopted for the long-term effectiveness of the treatment, and these may underestimate the true benefits of SQ HDM SLIT-tablet.
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